Background This study examined the relationship between rapid weight gain during infancy
Introduction
Rapid weight gain (RWG) during infancy and early childhood has been reported to be associated with anthropometric measurements such as body mass index (BMI), percent body fat (%BF) and waist circumference (WC) in childhood or early adulthood (Ong et al. 2000) . However, the association of RWG during infancy and early childhood with waist-to-height ratio (WHtR) later in life is unknown. The WHtR, which is a simple and practical measure, has been shown to have a higher correlation with cardiometabolic risk factors such as diabetes and dyslipidaemia than BMI and WC (Ashwell et al. 2012) . Thus, it is important to investigate the relationship of RWG during infancy and early childhood to WHtR later in life to provide information that can be used to help prevent cardiometabolic syndrome.
Several studies have reported that the relationship between RWG during infancy and/or early childhood and anthropometOriginal Article doi:10.1111/cch.12455 This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited.
bs_bs_banner Child: care, health and development ric variables later in life differed by the timing of RWG (Botton et al. 2008; Chomtho et al. 2008; Gonzalez et al. 2010; Fujita et al. 2013) . For instance, RWG during infancy period was shown to be related to larger WC (Chomtho et al. 2008) , whereas another study showed that RWG during early childhood period was more strongly associated with larger WC compared with RWG during infancy (Gonzalez et al. 2010) . Moreover, some studies reported that the RWG during both periods was associated with higher anthropometric variables such as BMI and WC later in life (Botton et al. 2008; Fujita et al. 2013) . These results suggest that it is necessary to consider the timing of RWG to examine the relationship between RWG during infancy/early childhood and anthropometric variables later in life.
The objective of the present study was to examine the impact of RWG patterns based on a combination of periods (infancy and/or early childhood) on anthropometric measurements at adolescence, including WHtR, for each sex in Japanese school children.
Methods

Study subjects
Ina-town, which is in Saitama Prefecture, Japan, had implemented a unique health-promotion programme for fourth graders, in addition to the annual national health check-ups performed in accordance with School Health Law of Japan. The programme consisted of a health examination and a questionnaire survey. This study was conducted as a part of the programme. The present study subjects were all fourth-grade school children (age 9 to 10 years) from all elementary schools in Ina-town, Japan, in 2010. Among 503 subjects, 500 subjects participated in the programme (participation rate = 99.4%). We excluded 61 subjects from the analysis because of incomplete data. Thus, the final number of subjects included in this analysis was 439 (240 boys and 199 girls). Informed consent was obtained from the parent or guardian of each subject prior to the subject's participation in this study. The study protocol was approved by the Medical Ethics Committee of Showa University School of Medicine.
Data collection
Information about length/height and weight at birth (age 0), age 1.5 years and age 3 years for each subject was obtained from the Maternal and Child Health (MCH) handbook kept by a parent or guardian. The MCH handbook, which is provided for free to expectant mothers who submit a notice of pregnancy to the government, is a record of prenatal checkups, delivery, child development and vaccination history (Nakamura 2014) . The coverage of the handbook is almost 100%, and most parents keep the MCH handbooks until their children are married (Nakamura 2010) .
The measurements of height, weight, %BF and WC at age 9 or 10 years were performed for each subject either in the school's infirmary or in a designated room to protect privacy during the procedures. For the anthropometric measurements, subjects were lightly clothed and barefoot. Height and weight were measured to the nearest 0.1 cm and to the nearest 0.1 kg. %BF was measured in the morning with a bipedal biometrical impedance analysis device (model TBF-102, Tanita, Tokyo, Japan) to the nearest 0.1%, over light clothing in a standing position. The measurement of WC was conducted to the nearest 0.1 cm in a standing position at the navel level while another examiner checked verticality from the side. BMI was calculated by dividing weight (kg) by the square of height (m), and WHtR was calculated as WC (cm) divided by height (cm).
Definitions
The standard deviation (SD) score of weight was calculated as ([individual body weight À standard mean body weight]/ standard body weight SD). The standard mean body weight and standard body weight SD at birth, age 1.5 years and age 3 years were based on sex-specific standard growth charts for Japanese children (Suwa & Tachibana 1993) . The change of weight SD score between age 0 and 1.5 years or between age 1.5 and 3 years was calculated as [weight SD score at age 1.5 years À that at age 0] or [weight SD score at age 3 years À that at age 1.5 years], respectively. The periods from age 0 to 1.5 years and from age 1.5 to 3 years were regarded as infancy and early childhood, respectively, in this study. A change in the weight SD score >0.67 was defined as RWG, in accordance with a previous study (Ong & Loos 2006) . On the basis of the combination of the periods (infancy and/or early childhood) of RWG, RWG patterns were classified as follows: no RWG (no RWG during infancy or early childhood), RWG during infancy period (RWG during infancy but not during early childhood), RWG during early childhood period (RWG during early childhood but not during infancy) and RWG during both periods (RWG during infancy and early childhood).
Statistical analysis
Statistical analysis was performed separately for each sex. To compare characteristics between boys and girls, the unpaired 436 H. Nanri et al.
t-test was used. The adjusted means of anthropometric measurements at age 9 or 10 years and their 95% confidence intervals by RWG patterns were computed using the general linear model procedure (an analysis of covariance). In the model, age and birthweight were adjusted. To compare each anthropometric measurement in the no RWG group (reference group) with that in the other groups, Dunnett's test was performed. A P value <0.05 was considered statistically significant. All statistical analyses were performed using the SAS statistical software package (version 9.3 for Windows; SAS Institute, Cary, NC, USA).
Results
Characteristics of study participants (at birth, age 1.5 years, age 3 years and age 9-10 years) are shown in Table 1 . Length at birth, and height and weight at age 1.5 years and age 3 years were significantly higher or heavier in boys than in girls, whereas weight SD score at age 3 years was significantly higher in girls than in boys. %BF, WC and WHtR at age 9 to 10 years were significantly higher in boys than in girls.
Anthropometric variables (length/height, weight and weight SD score) at birth, age 1.5 years and age 3 years by RWG patterns for each sex are shown in Table 2 . The proportions of those who experienced no RWG, RWG during infancy period, RWG during early childhood period and RWG during both periods were 38.3%, 36.7%, 15.4% and 9.6% in boys and 32.7%, 23.6%, 24.6% and 19.1% in girls, respectively. In boys, length, weight and weight SD score at birth were significantly lower in the RWG during infancy period group and in the RWG during both periods group than in the no RWG group. When compared with the no RWG group, height, weight and weight SD score at age 1.5 years were significantly higher in the RWG during infancy period group and in the RWG during both periods group (except for height), whereas these values were significantly lower in the RWG during early childhood period group. Anthropometric variables at age 3 years were significantly higher in the RWG during infancy period group, the RWG during early childhood period group (except for height) and the RWG during both periods group than in the no RWG group. Similar results were found in girls.
The adjusted means of anthropometric measurements (BMI, %BF, WC and WHtR) at age 9 to 10 years by RWG patterns for each sex are shown in Table 3 . BMI, %BF, WC and WHtR in the RWG during both periods were significantly higher than those in the no RWG group, regardless of sex. When compared with the no RWG group, BMI and WC were significantly higher in the RWG during early childhood period in boys, and BMI, %BF and WC were significantly higher in the RWG during early childhood period in girls. Compared with the no RWG group, the RWG during infancy period group had a significantly higher WC in boys and significantly higher BMI and WC in girls. These results did not change, even after adjustment for infant feeding practices in boys and girls (data not shown). Furthermore, similar results were obtained even when we conducted the approach to look at repeated exposures (data not shown).
Discussion
The present study investigated the relationship between RWG patterns on the basis of the combination of time periods (infancy and/or early childhood) and anthropometric measurements (BMI, %BF, WC and WHtR) in preadolescence by sex. As a result, children who experienced RWG during both infancy and early childhood showed significant increases in all anthropometric variables in preadolescence among boys and girls compared with the no RWG group. Previous studies have reported that RWG during infancy and early childhood were associated with increased anthropometric measurements later in life (Ekelund et al. 2006; Leunissen et al. 2009 ). Ekelund et al. showed that increasing weight gain in infancy (birth to Values are mean ± standard deviation. SD, standard deviation. † P value is based on unpaired t-test.
Rapid weight gain and anthropometric measurements 437 6 months) and early childhood (age 3 to 6 years) was associated with higher BMI and WC at age 17 years (Ekelund et al. 2006) . Leunissen et al. reported that rapid growth in the first year of life was positively associated with %BF and WC at age 18 to 24 years (Leunissen et al. 2009 ). These results support our results. Moreover, in our results, WHtR was significantly higher in the Values are mean (95% confidence intervals). RWG, rapid weight gain; SD, standard deviation. † P values were calculated when compared with no RWG by one-way analysis of variance with post hoc test (Dunnett's test). 14.5 (13.4, 15.5) 16.3 (15.0, 17.5) 17.2 (16.0, 18.4) 18.9 (17.6, 20. 3) <0.05 0.054 <0.05 <0.05 Waist circumference (cm) 54. 1 (52.8, 55.4) 56.6 (55.0, 58.1) 57.1 (55.7, 58.6) 60.4 (58.7, 62.0 438 H. Nanri et al.
RWG during both infancy and early childhood group than in the no RWG, regardless of sex. The correlation of intra-abdominal fat with WHtR was reported to be higher than that with BMI and WC (Ashwell et al. 2012) . Therefore, it might be important to consider weight gain in early life for the prevention of abdominal obesity as well as general obesity later in life.
In this study, we also investigated whether timing of RWG was associated with higher anthropometric measurements at age 9 to 10 years. As a result, some anthropometric variables in the RWG during infancy group or in the RWG during early childhood group were significantly higher than those in the no RWG group. In addition, there was no statistically significant difference in the impact of RWG on anthropometric variables at 9 to 10 years between the RWG during infancy group and the RWG during early childhood group (data not shown). Because previous studies have reported that both RWG during infancy and RWG during early childhood were associated with higher anthropometric measurements (Botton et al. 2008; Fujita et al. 2013) , our findings provide further supporting evidence that confirms findings of previous studies. Thus, this study suggests that there was no difference between RWG during infancy and RWG during early childhood on the effect of RWG on anthropometric measurements later in life.
Some studies suggest that the effect of RWG on anthropometric variables is influenced by parental eating habits (Birch & Fisher 1998) and physical activity habits (Jackson et al. 2003) . In addition, lifestyle factors such as food consumption (St-Onge et al. 2003) and sedentary lifestyle (Ekelund et al. 2004 ) are likely to be important for weight gain in early childhood, compared with the infancy periods. However, these factors were not considered in the present study. Therefore, further studies will be needed to consider these factors when examining the relationship between RWG during infancy and/or early childhood and anthropometric variables later in life.
The strength of the present study is that the participation rate was almost 100% and the height, weight and WC at age 9 to 10 years were measured. Furthermore, information on length/height and weight at birth, age 1.5 years and age 3 years was based on MCH handbooks, which prevented a recall bias in this retrospective cohort study. However, there are some limitations in our study. First, the results of this study might be affected by some potential confounders. For instance, socioeconomic status may be a confounder because lower socioeconomic status is associated with obesity later in life (Keane et al. 2012) . Moreover, Zheng et al. (2015) reported that maternal smoking during pregnancy was related to growth in infancy. Because data on these items were not obtained in our study, the influence of residual confounding on the present study is not deniable. Second, subjects in our study were from one town in Japan. Thus, it might be difficult to generalize our study findings to other populations.
Conclusions
The present study showed that RWG during both infancy and early childhood was associated with higher anthropometric measurements, including WHtR, among Japanese preadolescents, regardless of sex. This study suggests that RWG during infancy and early childhood may be a risk factor for general/abdominal obesity in later life.
Key messages
• Rapid weight gain during both infancy and early childhood was associated with higher body mass index, percent body fat, waist circumference and waist-to-height ratio in preadolescents, regardless of sex.
• Rapid weight gain during infancy and early childhood may be a risk factor for general/abdominal obesity later in life.
